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(57) Abstract 

Vanous modified carbon prwlucti are disclosed which can form a part of a polymenc product containing the modified carbon product 
and a polymer. One type of modified carbon product disclosed is a carbon product having attached at least one organic group, monomenc 

A 'ro"'p^°'!^ u^'TnTf ""f'^"^ P"^"^' "'^'"^^ ' "^""-^ P^°d"=' having attached a^^p having the 

forrnula. -Ar-COi-R or -C„H2„C02-R. where R is an organic group, monomenc group, or a polymeric group. The third type of modified 
carbon product contains a) a carbon product having attached at lea.t one organic group dii^ctly atuched to the carbon Kua b) at 

louL? inr,',hlf Z;n'°^"',h ^?"P' °' ' ^"'^"^ •° °^8anic group, and c) at least one counter-ionic gr;up or 

counter-iomzable group with at least one organic group, monomeric group, or polymeric group, or mixture thereof, where the counfer-ionic 

noivr,l">'° i'"h }° ""'1'°^ i°"^ble group. A method of improving the dispersion of carbon products in 

polymers ,s also disclosed which involves dispersing the modified carbon products described above in a polymer to fom, a polymenc 
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POLYMERIC PRODUCTS COmXTNTNG MODIFIED CARBON 
PRODUCTS AND METHODS OF MAKING AND USING THE SAME 

5 BACKGRO UND OF THT INVENmON 

Tht present mvention relates to polymers and more particularly relates to the use of fillers, 
colorants, UV sUbilizers, or reinforcement agents in polymers. 

Generally, many articles formed from polymers, such as plastics, contain reinforcement 
agents, fillers, and/or colorants. Generally, such agents, fillers, and colorants like carbon black, are 
1 0 incorporated mto the polymers with the use of masterbatches. The masterbatches are used because 
the direct addition of reinforcement agents, fillers, and colorants like carbon black, may not 
adequately disperse amongst the polymer which would then result m a less than desirable polymer 
product. Masterbatches are used as a means to incorporate the remforcement agent, filler, or 
colorant, like carbon black, mto a polymer. Hese conventional masterbatches therefore serve as an 
1 5 intermediate step to the ultimate introduction of reinforcement agents, fillers, and colorants into a 
polymer. 

It would be desirable to polymer manufacturers if agents like carbon black could be directly 
incorporated into the polymer at the same time that the polymers are being formed or at the time 
when polymers are being formed into a desired article; thus avoiding the need for conventional 
2 0 nusterbatches. 

SUMMARY OF THE INVENTION 

A feature of the present invention is to provide UV stabilizers, reinforcement agents, fillers, 
and/or colorants lUce carbon products, such as carbon black, which can be directly incorporated into 
polymers. 

2 5 Another feature of the present invention ,s to provide carbon products which are capable of 

bemg dispersed m polymer products to a better degree than conventional carbon products like carbon 
black. 

An additional feature of the present invention is to provide masterbatches which conUin 
higher levels of carbon product, like carbon black, than conventional masterbatches. 
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Additional features and advauuges of the present invention will be set forth m part in the 
descnption wiuch follows, and m part will be apparent from the descnption, or may be learned by 
practice of the present mveation. 

To achjeve these and other advantages and m accordance with the purpose of the present 
5 mvention, as embodied and broadly described herem. the present mvention relates to a polymer 
product composing a polymer and a modified carbon product dispersed therein. The modified 
carbon product comprises a carbon product having attached at least one organic group, monomenc 
group and/or polymeric group. 

The present mvention further relates to a polymenc product comprismg a polymer and a 
1 0 modified carbon product dispersed therem, wherem the modified carbon product compnses a carbon 
product having atUched at least one group having the formula: -Ar-CO,-R or C^^CO,-R, where R 
IS an organic group, a monomenc group, or a polymeric group, and n is preferably an integer of 
from 1 to 12. 

In addition, the present invention relates to a modified carbon product comprising a) a 
15 carbon product having attached at least one organic group directly attached to the carbon product, b) 
at least one ionic group, iomzable group, or a mixture thereof attached to said orgamc group, and c) 
at least one counter-ionic group with at least one organic group, monomenc group, or polymenc 
group, or counter-ionizable group with at least one organic group, monomeric group, or polymeric 
group, or a mixture thereof, wherein the counter-ionic or counter-ionizable group is attached to the 
2 0 ionic and/or ionizable group. 

The present invention also relates to polymenc products conUimng a polymer and one or 
more of the modified carbon products descnbed immediately above. 

The present mvention also relates to the modified carbon products used above m the 
polymenc products. 

2 5 The present invention further relates to a method of improving the dispersion of carbon 

products in polymeric products using one or more of the modified carbon products of the present 



invention. 
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AIso. the present mvent.on relates to masterbatches compnsmg one or more polymers and 
one or more modified carbon products of the present invention. 

It .s to be understood that both the forgoing general descnpfon and the following detailed 
de^cnption are exen^plary and explanatory only and are intended to provide further explanation of the 
5 present invention, as claimed. 



DETAn^ED DFSrRTPTION OF TWF prrsfnt TWrv7 -Tr>M 

In general, the present invention relates to the use of modified carbon products in polymers. 
Thus, the present invention relates to a polymeric product conuirung at least one polymer and at 
1 0 least one modified carbon product dispersed in the polymer and compatible with the polymer. 

For purposes of the present mvention. one or more polymers can be present m the polymenc 
product of the present invention. TT,e polymer can be a .hennopias.ic polymer or a thermosetting 
polymer. Further, the polymer can be a homopolymer. copolymer, terpolymer. and/or a polymer 
cocUimng any number of different repeating units. Further, the polymer present m the polymeric 
1 5 product of the present invention can be any type of polymer, such as a random polymer, alter^atmg 
polymer, graft polymer, block polymer. sUr-lilce polymer, and/or comb-like polymer. The polymer 
used in the polymeric product of the present mvention can also be one or more polyblends. The 
poiyo^er cat, be an interpenetrating polymer network (IPN); simultaneous interpenetrating polymer 
network (SIN); or interpenetratmg elastomeric network OEN). 
2 0 Specific examples of polymers include, but are not limited to. I.near-high polymer, such as 

polyethylene. poly(vinylchJonde). poly.sobutylene. polystyrene, polycaprolactam (nylon), 
polyisoprene. and the like. Other general classes of polymers which can represent the polymers 
present in the polymeric product of the present invention are polyamides. polycarbonates. 
polyelectroly.es. polyesters, polye.hers. (polyhydroxy)benzenes. polyimides, polymers conUuung 
25 sulfur (such as polysulfides, (polyphenylene) sulfide, and polysulfones). polyolefms, 

polymethylbenzenes. polystyrene and styrene copolymers (ABS included), aceul polymers, acrylic 
polymers, acrylonitnle polymers and copolymers, polyolefins contammg halogen (such as polyvinyl 
chloride and polyvmyHdene chlonde). fluoropolymers. ionomer,c polymers, polymers conuinmg 
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keione group(s). liquid crystal polymers, polyamide-imides, polymers conuining olefinic double 
bond(s) (such as polybuudiene, polydicyclopenUdiene). polyolefin copolymers, polyphenylene 
oxides, polyurelhanes, thermoplastic elastomers and the Itks. 

Preferably, the polymer present in the polymeric product of the present mvention is a 
5 polyolefin or polyethylene, more preferably, polymers of alpha olefins dereived from ethylene, 1- 

butene, propylene, 1-hexene. l^tene, 4-methyl-l.pentene and subsftutcd alpba^lefiiis and the like, 
copolymers of: ethylene, 1-butene, propylene, 1-bexene, 1-octene. 4-n:ethyl-l-pentene ud 
substituted alpha-olefins and the like, and terpolymers compnsed primanly of ethylene, 1-butene, 
propylene, 1-hexene, I-octene, 4-methyl-l-pentene and substituted alpha-olefins and the like. 
1 0 Generally, the polymers described in Volume 1 8 of the Encyclopedia of Chemical 

Technology, KIRK-OTHMER. (1982). page 328 to page 887. and Modem Plastics Encyclopedia 
■98, pages B-3 to B-210, both mcorporated in their entirety herein by reference, can be used as the 
polymer in the polymeric product of the present invention. 

The polymer used in the polymeric product of the present invention can be prepared in a 
1 5 number of ways and such ways are known to those skilled in the art. The above referenced KIRK- 
OTHMER section and Modem Plastics Encyclopedia provide methods m which these polymers can 
be prepared. 

With respect to the modified carbon product also present in the polymeric product, there are 
generally three classes of modified carbon products which will be described below. 

2 0 For purposes of the present invention, a carbon product can be a carbon capable of reacting 

with a diazonium salt to form the above-mentioned modified carbon products. The carbon may be of 
the crysUlline or amorphous type. Examples include, but are not limited to, graphite, carbon black, 
vitreous carbon, activated charcoal, carbon fibers and activated carbon. Finely divided forms of the 
above are preferred; also, it is also possible to utilize mixtures of different carbons. 

2 5 Also, for purposes of the present invention, carbon product mcludes an aggregate 

comprising . carbon phase and a s.licon^ntainmg species phase. A description of this aggregate as 
well as means of making this aggregate are described in PCT Publication No. WO 96/37547 as well 
as U.S. Patent Application Nos. 08/446.141; 08/446,142; 08/528,895; and 08/750.017. All of these 
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pateou. publications, and patent appI.aUons are hereby incorporated .n tbe.r entireties here, by 
reference. 

The carbon product, for purposes of the present .nvent.on. can also be an aggregate 
compr^stng a carbon phase and n,eUl<onta.nn,g spec.es phase where .he n.eUi.:onU.na.g spec.es 
5 phase can be a vanety of different meUls such as u^gne^tum. calcium. ..taaauo,. vanad.um. cobalt, 
mckel. zircontutn. ttn. antimony, chromium, neodymium. lead, tellurium, banum. ces.um. ,roo. 
molybdeouo.. aluminun,. and zu>c. and ndxtures thereof. n,e aggregate comprising the carbon 
phase and a .etal-conUimng spec.es phase is described in U.S. Paten. Application No. 08/828.785 
nied March 27. 1997. also hereby incorpora.ed tn its en..rety herein by reference. 
10 Also, for purposes of .he present .nvent.on. a carbon product .ncludes a s.I.ca^ted carbon 

black, such as that dcscnbed u, PCT Publicat.on No. WO 96/37547. publ.shed November 28. ,996. 
also incorporated in its entirety herein by reference. 

Tb. firs, .ype of modified carbon produc. is a modified carbon prxxluc. conUining a carbon 
product havmg atUched at least one organic group, monomenc group, or polymeric group. The 
1 5 organic group can be an aromatic group or an alkyl group. 

The polymeric group can be any polymenc group capable of bemg atUched to a carbon 
product. The polymeric group can be a polyolefin group, a polystyremc group, a polyacryla.e 
group, a polyamide group, a polyester group, or mixtures thereof. Monomenc groups are 
monomeric versions of the polymeric groups. 

n.e organic gr.,up can also be an olefin group, a styrenic group, an acryla.e group, 
-de group, an ester, or m.xtur^ thereof. The organic group can also be an aroaut.c group or an 
»lkyl group, either group with an olefm group, a styren.c group, an acry.ate group, an amide group. 
- ester group, or m.xtures thereof, where.n preferably the aromat.c group, or the alkyl group. lUce . 
C,-C,j group, is directly attached to the carbon product. 

The polymenc group can include an aromatic group or an alkyl group, hke a C,-C, group, 
ether group w.th . polyolefin group. . polystyremc group, a polyacrylate group. . polyatmde gn>up. 
«n polyester group, or mixtures thereof. 
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The organic group can also compnse an aralkyl group or alkylar^l group, wh.ch ,s 
preferably d.rec.ly attached to the carbon product. Other examples of organ, groups .elude a C„- 
C,oo »licyl group, and more preferably a C^-C„ alkyl group. 

More preferred examples of the organic group are organic groups havoig .he followmg 
5 fomiuias (hyphens on one or more ends represents an atuchment to a carbon product or to another 
group): 

-Ar-C02(C„Hi„^,), where m = 0 to about 20; 
-Ar-(C„H2„^,), where n = 1 to about 50; 
-Ar-C^2^ Ar-, where p = 1 to about 10; 
10 -Ar-CX,, where X is a halogen atom; 

-Ar-O-CX,, where X is a halogen atom; 
-Ar-SOj-; 

-Ar-S0.(C^2^,), where q = about 2 to about 10; 
-Ar-S^-Ar-NH^; 
15 -Ar-S.-Ar-; 

-ArSOjH; 

or mixtures thereof. 

Preferred mixtures of organic groups include the followmg: 
-Ar-SO/ and -Ar(C,H^,,). where n = 1 to about 50; 
2 0 -Ar-S,-Ar-NH2 and -ArC^^., where p = l to about 10; 

-Ar-S^-Ar- and -ArC^^-, where p = 1 to about 10; or 

at least two different -Ar-CO,(C Ji^. where m = 0 to about 20. 

TTie vanous organs, monomer^c. and polymenc groups descnbed above and below which 
are part of the modified carbon product can be unsubstHuted or substituted and can be branched or 
2 5 linear. 

One process for a.Uchtng ^ organic group to the carbon product mvolves the rc«t.on of a. 
leas, one diazonium sal. w.th a carbon product in the absence of an ex.er^al.y applied currcn. 
sufficicr,. to r^uc. the diazomum salt, l^.t ,s. the reaction between the diazoduo, sal. .nd a.e 
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"-^0 p,„.„, p^oce^. „ ^^^^^^^^^^ ^^^^^ ^^^^^^ 

-I.. M.„,„ or 3,,,, ^ ^^^^^ ^^^^^^^^ ^^^^ 

- b. came. „„, . ^^^^^ 
»cto<i>.j boo, p„,|c „d .p„„, 
= IP »..b., p,oc^. _ ^ ^^^^ 

»e..„p.^ „,.„^ ^, ^ ^ ^^^^^^^ 

n,, p,oc^ also crted „„J., . ^^^.^^^^ 

bo,h proc.^, u,. „„ ^ ^ _^ ^ ^^^^^^ 

c,.o„ p,„.„„ ^ ^ ^^^^^ 

. --bo. p,„.„, ^^^^^ ^^^^ 

embodimrals of lh«, p,oc=sso .re discussri te|„„. 

T1..S. p,oce»e, c«, b. »„, „„d„ . „, .„„„^, ^ ^ 

l.»»d b, p.„.o„,„ „.di,;op. Th. ,„c.iop co.d.,i„„ b, .Ob .b., ,U ^^u, 
^.^.^ is „„o,»,„ ,.b,o .„ .,0. ,, ,0 ^, .„H ,b, .„boo p^^, 
». bo cn.^ oo, »d„ o„„di,o„ .b.„ ,ho d,..^„. , ^ ^^^^^ 

b-e, di.„„.. „d ,bo o.*oo p^„o, .ocu„, fo, „»p„. pv., . ..do ™,o o,pH »d 

T..p^c„bo.„odo.„.,dic,„oo,„,„db„„p„. P,o,o„b„...p„ 
f.o« .bou, ^o,io, ,o„po„„„ ,„„ ,„ ,CO.C. 

D„zo„o. „ ^0.. „ ,bo .„, b. fo™.d ,o, .«™p,o b, .0 _;oo Of p„„, 

lo. .he,, p„p.„,io. i= ,o»d ip Mort»„ „d Bo,d. Oa«,^a^, 5.h Ed., pp ,73.,s, 
(A..,p .Pd B«o.. .po „„, „d M..b. Aa..a..iO,.,.i.Cb.^,,^B^^ 
-SM^. 4. Hd., OV..,. ,o.o.,„, ,0 ,b. ..„.,o., . d;^.,„„ „„ „ „ 

compound bi,ip, opt or m>„ diuomun g,oups. 

.i^op... s.,, bo p.p„.d p„o, ,0 ,o.c„o„ w.,H ,bo crbop p,odpc, o, ,epo„.od 
» P>ip. ^obp.,00, ,co>™ p. ,bo .,o^ ^ 

««o.ipn.«ite„ob...U,,ldi..o.ip„^te„d .voids ™.o«s.„todlp„„ , 

"^cw^ry nandJiflg or manipulation of the 

*.^«p. s.,,. Bo* ,bo „id „d d,o d,...i.p, o» b. ,„o„M ,, 
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A diazonium salt, as is kjiown in the art, may be generated by reacting a pnmary amine, a 
nitnte and an acid. The mtnte may be any meUl mtnte, such as lithium mtnte. sodium mtnte, 
potassium mtnte, or zinc mtnte. or any orgamc mtnte such as for example isoamylmtnte or 
etbylnjtnte. The acid may be any acid, inorganjc or orgamc, which is effective in the generation of 
the diazomum salt. Acids include nitric acid, HNO3, hydrochionc acid. HCl, and sulfunc acid, 

The diazomum salt may also be generated by reactmg the pnmary amme with an aqueous 
solution of nitrogen dioxide. The aqueous solution of nitrogen dioxide, NO./H^O. provides the 
nitrous acid needed to generate the diazonium salt. 

Generatmg the diazomum salt in the presence of excess HCl may be less prefen-ed than other 
alternatives because HCl is con-osive to sUinJess steel. Generation of the diazonium salt with 
NO./H.O has the additional advantage of bemg less corrosive to stainless steel or other metals 
commonly used for reaction vessels. Generation using H^SO./NaNO. or HN03/NaN0. are also 
relatively non-corrosive. 

In general, generatmg a diazonium salt from a pnmary armne, a mtnte, and an acid requires 
two equivalents of acid based on the amount of amine used. In an in situ process, the diazonium salt 
can be generated using one equivalent of the acid. When the pnmary amine contains a strong acid 
group, adding a separate acid may not be necessary. The acid group or groups of the pnmary amine 
can supply one or both of the needed equivalents of acid. When the pnmary amine conUms a strong 
acid group, preferably either no additional acid or up to one equivalent of additional acid is added to 
a process of the invention to generate the diazomum salt in snu. A slight excess of additional acid 
may be used. One example of such a pnmary amine is para-aminobenzcQesulfomc acid (sulfanilic 
acid). 

In general, diazomum salu are thermally unstable. They are typically prepared m solution 
at low temperatures, such as 0-5°C, and used without isolation of the salt. Heatmg solutions of some 
diazonium salts may liberate nitrogen and fonn either the correspondmg alcohols m acidic media or 
the organic free radicals in basic media. 
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However. the d.azon.um salt ne^ only be suff.c.ently stable to allow reaction w.th the 
carboti product. Thus, the processes can be carried out w,th some d.aromum salts otherwise 
coos,dered to be unsuble and subject to decon,pos.t,on. Some decompos.t.on processes may compete 
w.th .he reacon between the carbot, product and the d.azon.um salt «>d may reduce the toul number 
: of organic groups atUcbed to the carbon product. Further, the reaction may be earned out at 

elevated temperatures where many diazonium salts may be susceptible to decomposition. Elevated 
temperatures may also advantageously increase the solubil.ty of the diazomum salt in the reaction 
medium and .mprove its handUng dunng the process. However, elevated temperatures may result u, 
some loss of the diazonium salt due to other decomposition processes. 

Reagents can be added to form the d.azon.um sal. to a suspension of carbon product 

m the reaction medium./^. e.an,ple, water, "nius, a carbon product suspension to be used may 
already contain one or more reagents to generate the diazonium salt and the process accomplished by 
adding the remaining reagents. 

Reactions to form a d.azomum salt are compat.ble w.th a large vanety of functional groups 
15 commonly found on organic compounds. Thus, only the availability of a diazonium salt for reaction 
with a carbon product limits the processes of the invention. 

The processes can be earned out m any reaction medium which allows the reaction between 
the diazonium salt and the carbon product to proceed. TTie reaction medium can be a solvent-based 
system. The solvent may be a protic solvent, an aprotic solvent, or a mixture of solvents. Protic 
2 0 solvents are solvenU, like water or methanol, containing a hydrogen atUched to an oxygen or 
nitrogen and thus are sufficiently acidic to forn, hydrogen bonds. Aprotic solvenU are solvents 
which do no. conum an acidic hydrogen as defined above. Aprotic solvenU: mclude. for example, 
solvents such as hexanes. te.rahydrofuran (THF). ace.on.tnle. and benzoni.nle. For . discussion of 
protic and aprotic solvents se. Momson and Boyd. Orean.c Chem...^ J.h Ed., pp. 228-231. (Allyn 
2 5 and Bacon, Inc. 1987). 

The processes can be earned out m a protic reaction medium, that is. in a protic solvent 
alone or a mixture of solvents which contams a. least one protic solvent. Preferred protic media 
include, but are not limited to water, .cjuecus media conu.nmg water «,d other solvents. .Icohols. 
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and any media containing an alcohol, or mixtures of such media. 

The reaction between a diazomum salt and a carbon product can take place with any type of 
carbon product, for example, in fluffy or pelleted form. In one embodiment designed to reduce 
production costs, the reaction occurs dunng a process for fonning carbon product pellets. For 
5 example, a carbon black product of the invention can be prepared m a dry drum by spraying a 

solution or slurry of a diazonium salt onto a carbon black Alternatively, the carbon product can be 
prepared by pelletizing a carbon product in the presence of a solvent system, such as water, 
coDtaining the diazonium salt or the reagents to generate the diazomum salt in situ. Aqueous solvent 
systems are preferred. Accordiiigly, another embodiment provides a process for forming a pelletized 
10 carbon product comprising the steps of: mtroducing a carbon product and an aqueous slurry or 

solution of a diazonium salt into a pelletizer, reacting the diazomum salt with the carbon product to 
atuch an organic group to the carbon product, and pelletizing the resultmg carbon product having an 
atUched organic group. The pelletized carbon product product may then be dned usmg conventional 
techniques. 

^ general, the processes produce inorganic by-products, such as salts. In some end uses, 
such as those discussed below, these by-products may be undesirable. Several possible ways to 
produce a modified carbon product without unwanted inorganic by-products or salts are as follows: 

First, the diazonium salt can be purified before use by removing the unwanted inorganic by- 
product using means known in the art. Second, the diazonium salt can be generated with the use of 
20 an organic nitnte as the diazotization agent yieldmg the correspondmg alcohol rather than an 

morganic salt. Third, when the diazomum salt is generated from an amine havmg an acid group and 
aqueous NO^, no inorganic salts are formed. Other ways may be known to those of skill in the art. 

In addition to the morganic by-products, a process may also produce organic by-products. 
They can be removed, for example, by extraction with organic solvents. Other ways of obtaining 
2 5 products without unwanted organic by-products may be known to those of skill m the art and include 
washing or removal of ions by reverse osmosis. 

The reaction between a diazomum salt and a carbon product forms a modified carbon 
product having an organic group attached to the carbon product. The diazomum salt may contam the 
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org3.,c group ,o be atuched ,o the carbon product. 1, may be poss.ble to produce the .^od.fied 
carbon products used u, thjs mventton by other means known to those skilled in the art. 

■nie organic group may be an al.phat.c group, a cychc organic group, or an organic 
compound having an aliphatic portion and a cyclic port.on. As discussed above, the diazomum salt 
5 employed in the processes can be derived frot. a pnmary atnine having one of Ihese groups and being 
capable of forming, even trans.en.ly, a diazonium salt. The organic group may be substituted or 
unsubstituted. branched or unbranched. AJiphatic groups include, for example, groups denved from 
aUcanes. alkenes. alcohols, ethers, aldehydes, ketones, carboxylic acids, and carbohydrates. Cyclic 
organic groups mclude, but are not limited to, al.cycl.c hydrocarbon groups ifor exampU, 
0 cycloalkyls. cycloalkenyls). heterocyclic hydrocarbon groups ^or e.an,ple, pyrrol.dmyl. pyrrolmyl. 
p.peridinyl. morpholinyl. and the like), aryl groups (for example, phenyl, naphthyl. anthracenyl. and 
the like), and heteroaryl groups (imidazolyl, pyrazolyl. pyndmyl, thienyl. th.azolyl. ftiryl, mdolyl, 
and the like). As the stenc hiaderance of a substituted organic group mcreases. the number of 
organic groups attached to the carbon product from the react.on between the diazonium salt and the 
carbon product may be diminished. 

When the organic group is substituted, it may contain any functional group compatible with 
the formation of. diazonium salt. Functional groups include, but are not limited to. R. OR. COR. 
COOR. OCOR. carboxylate salts such as COOLi. COONa. COOK. COONR/. halogen. CN, NR„ 
SO,H. sulfonate salts such as SO,^. S03Na, SO,K. SO^ NR/, OSO3H, OSO; salts. NR(COR). 
CONR,, NO,, PO,H„ phosphonate salts such as PO,HNa and P03Na„ phosphate salts such as 
OPCHNa «id OPO,Na,. N = NR. NR,^X . PR,^X . SJ^, SSO,H, SSO, salts, SO,!^'. SO^R, 
SNRR-. SNQ. SO.NQ, CO.NQ. S-(,.4-p,per:^ed.y)-SR. 2-(, .3-d..hiany.) 2-(1.3-di,h.olanyl). 
SOR, «id SO,R. R and R', which can be the same or different, are independently hydrogen, 
branched or unbranched C,C, substituted or unsubst.tuted, satumted or unsaturated hydrocarbon, 
e.g.. alkyl. alkenyl. alkynyl, substituted or unsubst.tuted aryl. substituted or unsubstituted 
heteroaryl. substituted or unsubstituted alkylaryl, or substituted or unsubstituted arylalkyl. TTie 
mteger k nuiges from 1-8 «,d preferably from 2-4. The an.on X is a halide or an anion derived from 
. aune«l or organic acid. Q .s (CHJ,. (CHJ.O(CHJ.. (CHJ.NR(CHJ.. or (CH^.S(CH^.. where 
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w IS an integer from 2 to 6 and x and z are integers from 1 to 6. 

TTie organic group can be an aromafc group of the fomiula A^r-, wh.ch corresponds to a 
pnxnary anune of .he formula A, ArNH,. In th.s formula, .he vanables have the following meamngs: 
Ax is an aroma.tc n,dical such as an aryl or he.eroaryl group. Preferably. Ar is selected from U>e 
5 group consisting of phenyl, naphthyl, anthracenyl. phenan.hrenyl. biphenyl. pyridinyl. 

benzoth^adiazolyl. and benzotluazolyl; A .s a substinient on .he aromatic radical indepeodentiy 
selected from a preferred functional group described above or A is a linear, branched or cyclic 
hydrocarbon radical (preferably containing 1 to 20 carbon atoms), unsubs.iru.ed or substituted w,th 
one or more of those functional groups; and y is an integer from 1 to the toul number of -CH 
1 0 radicals in the aromatic radical. For instance, y ,s an integer from 1 to 5 when Ar is phenyl. 1 ,o 7 
when Ar is naphthyl, 1 to 9 when Ar is anthracenyl, phenanthrenyl. or biphenyl, or 1 to 4 when Ar 
is pyridinyl. In the above formula, specific examples of R and R' are NH,-C^,-, CH,CH,-C»H4- 
NHj. CH,-C,H,-NHj, and CJ^,. 

Another set of organic groups which may be attached to the carbon product are organic 
15 groups substituted with an ionic or an ionizable group as a functional group. An lotiizable group is 
one which IS capable of forming an ionic group in the medium of use. The ionic group may be an 
anionic group or a ca.ionic group and the ionizable group may form an anion or a cation. 

Ionizable func.ional groups forming anions include, for example, acidic groups or salts of 
acidic groups. TTie organic groups, therefore, include groups denved from organic acids. When the 
2 0 organic group conUins an ionizable group forming an amon. such an organic group can have a) >n 

aromatic group and b) at least one acidic group having a pKa of less than 11 . or at least one salt of an 
acidic group havmg a pKa of less than 1 1 . or a mixture of at least one acidic group havuig a pK. of 
less than 1 1 and at least one salt of an acidic group having a pKa of less than 1 1 . The pKa of the 
.cdic group refers to the pKa of the organic group as a whole, no. just Oie acidic subst.tuent. More 
25 preferably, the pKa is less than 10 and most preferably less than 9. The aromatic group of the 

organic group can be directly attached to the carbon product. TTie aromatic group may be farther 
substituted or unsubstituted. for example, with alkyl groups. TT,e organic group can be a phenyl or . 
naphthyl group and the acidic group is . sulfonic acid group. . sulfinic acid group. . phosphooic .c.d 
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gro.p. or a crboxyl.c ac.d group. Examples of these ac.d.c groups and the.r salts are discussed 
above. -n,e organic group be a subst.tuted or unsubs.-tu.ed sulfophenyl group or a sal. then«f; a 
subsftuted or unsubst,t.ted (polysulfo)phenyl group or a sal. thereof; a subst.muu, or unsubs,..u.ed 
sulfonapbtby, group or a thereof; or a subst.tu.ed or unsubst.tuted (po,ysu,fo)„aphthy, group or a 
5 sal. a,erecf. An example of a subs.,tu.ed sulfophenyi group is hydroxysulfophenyl group or . sai. 
thereof. 

Specific organic groups havtng an .on.zable ftinconal group fomxnig an anion (and Oieir 
correspondoig pnmao' anxines) are p-suifopbenyl (p-sulfan.lic acid). 4-hydroxy-3-sulfophenyI (2- 
hydroxy-5-anuno-benzenesulfonic acid), and 2-sulfoe.hyi (2-aaunoe.hancsulfonic acid). Other 
1 0 organic groups havmg .onizable ftinC.onal groups forming anions can also be used. 

ABunes represen. exatnples of iodzable functional groups Oia. fonn ca.ionic groups. For 
exanxple. atnines nuy be protonated .0 fonn aounonium groups in acidic cedia. An organic group 
having an anune subs.ituen. can have a pKb of less than 5. Quaternary a„:n:oniuai groups 
«:d quaternary pbosphon.utn groups (-PR,*) also represent examples of cationic groups. The 
15 organic group can contain an aromatic group such as a phenyl or a naph.hy. group and a ,u.Uru.ry 
ammonium or . .ua.emary phosphonium group. The arom.t.c group can be directly attached U> a.e 
c^^bon produc. (Jua.em.zed cyclic amines, and even ,ua.em..ed arcma.ic amines, can also be used 
as a,c organic group. TT,us. N-substitu.cd pyndinium compounds, such as N-methyl-pyridyl. can be 
used in this regard. Examples of organic groups mclude. but are not limited to. (QH.hOQH/ . 
20 C^,(SCfl,y, CJi.COCH,N(CH,)3^ C^.COCH:(NQHr . (C,H,N)CH3^ «>d 
CJH.CH,N(CH,)/. 

An adv^iuge of the modified carbon products hav.ng an atUched organic group subst.tuted 
with an .onic or «, iomzable group is that .he modified carbon product product may have increase, 
water dispers.bih.y re.a.ive to the corresponding untreated carbon product. Wa.r dispersibihty of a 
2 5 modified carbon product mcreases with .be number of organ.c groups attached .0 .he carbon black 
having an ionizabie group or .he number of .on.zable groups atUched .0 a given organic group. 
Thus, mcreasmg Uie number of .onizab.e groups assoc.a.ed w.th the mod.fied carbon product should 
.ncre^e ..s w,.r d.spers,b,...y and perm.U con.rol of .he wa.er d.spers.bi.i.y to . desired level. 1. 
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caji be noted thai the water dispersibilily of a modified carbon product containing an amine as the 
organic group atuchcd to the carbon product may be increased by ac.difymg the aqueous medium. 

Because the water dispersibility of the modified carbon products depends to some extent on 
charge stabilization, the ionic strength of the aqueous medium can be less than 0. 1 molar. The lomc 
5 strength can also be less than 0.01 molar. 

When such a water dispersible modified carbon product is prepared, the ionic or iomzable 
groups can be ionized in the reaction medium. The resuitmg product solution or slurry may be used 
as is or diluted prior to use. Alternatively, the modified carbon product may be dried by techniques 
used for conventional carbon blacks. These techniques include, but are not limited to, drymg m 
10 ovens and rotary kilns. Overdrying. however, may cause a loss in the degree of water dispersibility. 

In addition to their water dispersibility. modified carbon products having an orgamc group 
substituted with an ionic or an ionizable group may also be dispersible in polar organic solvents such 
as dimethylsulfoxide (DMSO). and formamide. In alcohols such as methanol or ethanol, use of 
completing agents such as crown ethers increases the dispersibility of carbon black products having 
15 an organic group containing a metal salt of an acidic group. 

Aromatic sulfides encompass another group of organic groups. Modified carbon products 
having aromatic sulfide groups are particularly useful in rubber compositions. Ttese aromatic 
sulfides can be represented by the formulas Ar(CHJ,S,(CH^Ar' or A-(CHJ,S^(CHJ^" wherein 
Ar and Ar' are independently substituted or unsubstituted arylene or heteroarylene groups. Ar" is an 
20 aryl or heteroaryl group, k is 1 to 8 and q and r are 0-4. Substituted aryl groups would include 

substituted alkylaryl groups. Arylene groups can include phenylene groups, particularly p-phenylene 
groups, or benzothiazolylene groups. Aryl groups can include phenyl, naphthyl and benzothiazolyl. 
The number of sulfurs present, defined by k preferably ranges from 2 to 4. Modified carbon 
products can have an atUcbed aromatic sulfide organic group of the formula -(C^,)-S,-(C^,)., 
2 5 where k is an integer from 1 to 8, and more preferably where k ranges from 2 to 4. Aromatic sulfide 
groups can be b.s-pani-(CJI J-S,.(C^,)- and para-(CJi,)-S,-(C^,). The diazomum salts of these 
aromatic sulfide groups may be conveniently prepared from their corresponding primary amines. 
H,N-Ar-S,-Ar'-NH, or H,N-Ar-S,-Ar". Groups include dithiodi-4,1 -phenylene. tetrathiodi-»,l- 
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phcnylcDC. phenyldithiophenylene, dith.odi-4. l-(3-chlorophenylene). -(4-C^,)-S-S-(2-C,H,NS), -(4- 
C^.)-S-S-(4-C^,)-0H, ^-(2-C,H3NS)-SH, -(4-C^J-CH,CH:-S-S-CH:CH:-(4-CJiJ-. -(A-C^,)- 
CH,CH,-S.S-S-CH,CH,-(4-C^.)-, -(2-CJ^>S-S-(2-C^,)-. -(3-CJi.)-S-S-(3-C^,)-, -6-(CJ^,N,S), 
-6-(2-CH,NS)-S-NRR' where RR' .s -CH,CH,OCH,CH,., -(4.C^J-S-S-S-S-(4-CJ^,)-, 
5 CH = CH,. -<4-CA)-S-S03H, -(4-C^.)-SO,NH-(4-C^J.S-S-(4-C^.)-NHSO,-(4-C^,)-, -6-(2- 

C,H3NS)-S-S-2-(6-C,H,NS)-. -(4-C^.)-S-CH,-(4-CJi,)-. -(4-C^J-SO,-S-(4-C^,)-, -(4-C^,).CH:. 
S-CH,-(4-C^,)., -<3-C»H.)-CH,-S-CH,.(3-C^,)-. -(4-CJ^.)-CH,-S-S-CH,-(4-C^,)-, -{3-C^,)- 
CH,-S-S-CHH3-C^,)-, -(4-C^.)-S-NRR-whereRK' is -CH,CH,OCH,CH:-. -(4-C^,)-S0,NH- 
CH,CH,-S-S-CH,CH,-NHS0,-(4-CJi.)-. -(4-CJ^J-2-(l,3-dah,aByl;). and -(4-C^,)-S-(1 .4- 
10 piperizinediyl)-S-(4-C4H4)-. 

Another set of organic groups which may be attached to the carbon product are organic 
groups hav.n.. an aminophenyl, such as (CJi,)-NH„ (C^.)-CH:-(C^,).NH3, (C^,)-SOHC^.)- 
NH,. Organic groups also include aromatic sulfides, represented by the formulas Ar-S,-Ar' or Ar-S.- 
Ar", wherein Ar and Ar' are independently aryiene groups, Ar" is an aryl and n is 1 to 8. Methods 
15 for atuching such organic groups to carbon product are discussed in U.S. patent applications serial 
nos. 08/356,660, 08/572,525, and 08/356.459. the disclosures of wh.ch are fully incorporated by 
reference herein. 

The second type of modified carbon product which can be part of the polymeric product 
along with a polymer is a carbon product having attached a group having the formula: -Ar-CO,-R, 
2 0 where R is an organic group, monomeric group, or a polymeric group. TTie organic groups. 

monomeric groups, and polymenc groups described above with respect to the first type of modified 
carbon products can be the same with respect to this embodiment as well. Another formula ,s - 
C.H:.-CO:-R, where n is preferably an mteger of from 1 to 12. Specific examples of R groups are 
Cjo-Cjo alkyl groups. 

2 5 These modified carbon products can be prepared using a carbon product that is first 

hmctionalized with . d.azonium salt, l.ke the diazomum sal, of 4-aminobenzoic acid. For this initial 
treatment, an equivalent of acd ,s used so that the treatment yields atuched carboxylic acid groups. 
The acid groups .re then esterified with an R contaming group, for mstance. long chain aiiphat.c 
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alcohois, using p-toluenesulfonic acid as iht caulysi. as shovvn below, where R in this rormula ,s at 
leist one orgaiuc. monomenc. or polytrninc group. 





Carboxylatfid Carboo Product 

A third type of modified carbon product is a carbon product having attached a) at least one 
orgaiuc group directly attached to the carbon product, b) at least one lomc group, iomzable group, or 

1 0 mixture thereof attached to the organic group, and c) at least counter-iomc group widi at least one 
organic group, monomenc group, or polymenc group, a counter-iomzable group with at least one 
organic group, monomenc group, or polymenc group, or a mixture thereof, wherein the counter- 
ionic group, or counter-iomzable group is atuched to the ionic group and/or ionizabie group. 

The organic group and polymenc group mentioned m the above embodiments can be the 

15 same for thjs embodiment. The monomenc group would simply be monomenc versions of the 

polymenc groups descnbed above. For instance, examples of monomenc groups mclude, but ar« not 
limited to, an olefin group, a styrenic group, an acrylate group, an amide group, an ester group, or 
mixtures thereof. 

Examples of the ionic group or ionizabie group are the same as described above. The iomc 
2 0 group or iomzable group can be an aniomc group or a catiomc group. Prefen-ed examples of the 

counter-iomc group or counter-iomzable group include nitrogen-based groups and phosphorous based 
groups. 

Other examples of organic groups include a C,-C„ alkyl group, more preferably a C,-C^ 
aLkyI group. Other examples of organic groups include an oleyl group, a linoleyl group, a linolenyl 
25 group or mixtures thereof. Other examples of organic groups mclude a 2-ditetradecyIgluUnite group 
or a hexa-decyl group. 

These modified carbon products can be prepared using a carbon product that is first 
functionalized w,th at least one fi^nctiocal group, such as sodium sulfonate groups, for instance usmg 
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rhe d.azon.um sal. of sulfa.„lic .cd de.cnbeJ eari.er. "n,.. process r^ult. .„ the cbcn^cal 
deagglomera.,on of the carbon product. The degre. of deaggiomer.t,on be measured at th.s st.ge 
by particle size analysis and 325 mesh residue. 

Next, an aqueous dispersion of the atuched functional group, like sulfonated carbon 
5 product. ,s treated with a salt like an aikyi amn.onium salt. For mstance. the aUcylammooium salt 
can be a primary, secondary, tertiary, or quaternary armnomuni salt. Treatment of the disper«d 
carbon product with the salt, e.g.. ammomum salt, results in exchange of the sodium .on for the 
ammomum ion. When the alky! group of the anunon.um salt ,s large, flocculat.on of the carbon 
product occur.. The carbon product treated in th.s way is quite hydrophobic and floats to the surface 
1 0 of the water. This approach is attractive because the init.al dispersion of carbon product allows each 
part.cle of carbon product to be well treated with hydrophobic groups. TTus preferred reaction is 
shown below, where R u, th.s fortnula is at least one organic, mononaeric, or polymeric group. Tie 
process described in U.S. Patent Application 08/663,694 filed June 14, 1996 can also be used and is 
hereby incorporated in its entirety by reference herein. 
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Sulfonated 
Carbon Product 



The amount of modified carbon product present in the polyrnenc product (where the 
2 5 polyrnenc product is not a masterbatch) can be amounts traditionally used with unmodified carbon 
products such as carbon black. For example, from about O.Ol wt% to about 50 wt more 
prefembly from about 0.01 wt% to about 20 wt%. and most preferably," from about 0.01 wt% to 
about 5.0 wt% of the modified carbon product can be present based on .he weight of the polyrnenc 



product. 



The modified carbon products of the present invention can be used as masterbatches. In this 
embodiment, the modified carbon product is formed into a masterbatch just as conventional 
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masterbatches are formed. Accordingly, ihe modified carbon product can be added with standard 
masterbatcb uigredients which may include waxes and polymers as well as other optional ingredients. 
When the modified carbon products of the present invention are used to form masterbatches, 
generally, the amount of modified carbon product present can be amounts traditionally used with 
5 unmodified carbon products, such as carbon black, in masterbatches. However, with the modified 
carbon products of the present invention, masterbatches with higher loadings of carbon products are 
possible and thus masterbatches of the present invention can contain from about 10 wt% to about 95 
wt% or more modified carbon product, and more preferably from about 50 wt% to about 90 wt% 
modified carbon product, based on the weight of the masterbatch. 
10 The modified carbon products of the present invention can be incorporated or dispersed in 

the polymer to form the polymenc product using any means which permits the introduction of the 
reinforcement agents, fillers, or colorants like carbon black. Examples include hopper feeding of the 
modified carbon product into an extr^ider such as a single screw or multi-screw extruder, or an 
mjection molder. Other means of introducing the modified carbon product into the polymer include 
1 5 mixers, like internal mixers, such as a Banbury and Brabender mixers. Other means of introducmg, 
and preferably dispersmg the modified carbon product in the polymer include, but are not limited to, 
long contmuous mixers, continuous compounding extruders (e.g.. Buss Kneader), tumble blenders, 
pelletizcrs and the like. 

The polynoeric products of the present invention, like any conventional polymer, can be 
2 0 formed and shaped into any desired article or shape. 

Further, the polymeric products of the present invention include polymeric coatings and 
polymenc foams. With respect to polymeric coatings, typically an aqueous or non-aqueous solvent 
will be present in amounts typically found with respect to conventional polymenc coatmgs. With 
respect to polymenc foams, typically a foaming agent will be present in amounts conventionally 
2 5 found with respect to conventional polymeric foams. 

■n»e polymenc products of the present invention can mclude additional conventional 
ingredients typically found m polymers such as anti-ox.dants. subil.zers (e.g., light/UV and thertnal 
types), plasticizers, fillers, impact modifiers, lubricants, biocides. flame retardants. process 
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mod.fiers. a..,sut,c ageots. blow.ng (foaming) agents, colorants. antim.crob.aIs, ant.bloclong 
agents, orga^c pero.des. opt.cal bnghteners, coupl.g agents, co.patibihzers. process acds. .old 
release a.ds, tack add.tives. v.scosity suppressant., re.ct.ve additives, fibers. ant,foggu,g agents, 
anta>azn.g agents, bactenocides. conduct.v.ty agents, cross-linlang agents, dclustenng agents, 
5 dispersant.. nex.bil...rs. flow control agents, fluorescent agents. ft.ioo protno.ers, tn.ldewc.des and 
fungicides, nucleatu^g .gents, organ.c chelatu,g agents, surface treatn^ents. and the lUce. or other 
materials as descnbed a, Plast.c Additives and Modifiers Handbook. Jesse Edenbau.. Ed. . pp. 193- 
1086 (1992). incorporated herein by reference. 

The present invention will be further clanfied by the following exaa,ples, which are 
10 mtended to be purely exemplary of the present invention. 

In all of the exaa.ples. except when suted. a carbon black having a surface area of 90 mVg 
(CTAB) and a DBPA of 98 cc/iOOg was used, .n th.s case ELFTEX* TP from Cabot Corp. 
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Example 1 

Carbon black (225 g) was slurried in 2 L of room temperature deionizcd water using 
overhead ouxer. EthyM-.minobenzoate (4.5 g) was dissolved in 2.7 grams of 37% hydrochlonc 
ucid. De.on.zed water (.00 mL) was added to d.ssolve the resulting salt. This solut.on was then 
.uJded to the stirxed carbon black slurry. Sod.um n.tn.e (1.7 g) was dissolved in 50 mL of de.omzed 
water and .hen added to the stirred carbon black slurry. Af^er several hours of mtxtng. the mixing 
20 was stopped. Upon stand.ng. the mixture separated .to three layers consistmg of a top and bottom 
layer of carbon black separated by a colorless water layer. 1^. mixture was filtered «,d the mod.fied 
carbon black product was collected on a Bchner funnel using vacuum filtrat.on. After washing the 
product w.tb 2 L of daomzcd water, it was dned at 70'C to a constant weight. 

25 Example 2 

Fluffy carbon black (5kg) was treated a. 70=0 w.th sulfanil.c acid (310 g) in a batch pin 
pellef^er. -n.e pelletizer was charged w.th the carbon black and sulfanilic «:id «,d the motor speed 
was set to about 200 n,m. The pe.let.^r was heated to 70=C. Sod.um mtnte (125 g) was d.ssolve. 
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in 1 L of water. The nitnte solution was added via a pressunzed delivery system to the pelletirer. 
Likcw.se, 3 L of water were added. After all the water had been added, the batch was mixed for 3 
tmnutes. Wet pellets of the sulfonated carbon black were then collected. The pellets were found to 
conuic 42% water by weight. The wet pellets were used without drying for the ion exchange 
5 reactions below in Examples 2A-2D. 



Example 2A 

Wet siilfonated carbon black (387 g) was added with st.rnug to 2 L of room temperature 
deionized water. Cetyltnmethylammonium bromide (29.5 g) was dissolved m 500 mL of deiooized 
1 0 water. The resulting solution was added to the stirred carbon black slurry. After several hours of 
mixing the stimng was stopped. The inixture slowly separated into three layers. The top layer 
consisted of black foam, the middle layer was clear while the bottom layer consisted of settled carixjn 
black. The modified carbon product was collected on a Bchner funnel, washed with 2 L of deionized 
water and dried to a constant weight at 70''C. 

15 

Example 2B 

Armeen SD (21.4 g from Akzo-Nobel) was added to 1.7 L of 10% acetic acid at room 
temperature. Once the amine was completely dissolved, 387 g of wet sulfonated carbon black was 
stirred in with an overhead mixer. Mixing was continued for 16 hours. As observed for the reaction 
2 0 w,th cetyltrimethylamraomum bromide, the mixture separated into three layers. The modified 

c-rbon black product was collected on a Bchner funnel and washed with 2 L of a 50/50 mixture of 
ethanol and water followed by 2 L of water. The modified carbon black was dried to a const«it 
weight at 70°C. TTus procedure was also followed usmg oleylamine and hexadecylamine. 

25 Example 2C 

To soyaalkyl amine (28.6 g, Adogen 172 D from W.tco) was added to 6.49 g of acetic acid 
diluted with 150 mL of deionized water and 50 mL of ethanol. Once the amine was dissolved, ,t was 
«lded with stining to 172 g of wet sulfonated carbon black dispersed in 2 L of room tcmpcrmture 
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deioniz^ wa.er. After about 4 hours, .he st.mng was stopped and the rruxt^re separated u,to three 
layers. The ei,t,re tmxture was filtered usii.g a Bchner funnel to isolate the modified carbon black 
product. It was then washed with 3 L of de-omzed water. The modified carbon black was dned 
overnight at VO-C to a constant weight. 

Example 2r> 

A 1 L beaker was filled with 800 mL of deionized water and 50 g of carbon black. While 
stirring vigorously, the temperature was ra.sed to lO^C. Sulfanilic acid (1.56 g) was added to the 
slurry. Next, a solut.on of sodium mtnte (0.62 g) ,n 3 mL of water was added to the stirred slurry. 
•n>e nuxtx^re was sttrred overnight at lO'C. The resuitmg treated carbon black suspension was 
placed m a vacuum oven and dned at 70«C for several days to evaporate most of the water. The 
product conuined about 40% water by weight. 

Tht sulfonated carbon black thus prepared (50 g of wet carbon black) was mixed into 650 
mL of room temperature deiomzed water tn a IL beaker. Mix.ng was accomplished usmg a magnetic 
stirrer and a st.r bar. Benzoic acd (0.66 g) and Amine D (1 .51 g, from Hercules) were dissolved 
into -150ml of toluene. Once both species were dissolved, the mixture was added directly to the 
dispersion of sulfonated carbon black. The resultmg mixture was allowed to stir vigorously 
overnight. ■n,e modified carbon black product was isolated by evaporation of the water and toluene 
m a vacuum oven at 70oC. This method can also be employed using Foral 85 (also from Hercules) 
instead of Amine D. 



Example ,^ 

Carbon black (200 g) was slurried in 2 L of room temperature deionized water usmg an 
overhead mixer. 4-aminobenzo.c acid (4.94 g) was dissolved in 3.24 g of 70% nitric ac.d diluted 
with 150 mL of deiomzed water. After 20 minutes of stirrmg. the 4-aminobea2oic acid was 
dissolved vxd the solution was added to the carbon black slurry. Sodium nitrite (2.42 g) was 
dissolved in 50 mL of deionized water. The resulting solut.on was added slowly to the carbon black 
slurry. Gas was evolved and the slurry became much less viscous. After 4 hours of mixmg. the 
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overhead stirred was stopped. The modified carbon black product was isolated on a Bchner funnel, 
washed with 2 L of deionized water and dned to a constant weight at lO'C. 

Next, the modified carbon black with atUched carboxylic acid groups (50 g) was placed in a 
1 L three necked round bottom flask. Toluene (200 mL) was added to the flask and the flask was 
5 fitted with a Dean-Surk trap. The trap was charged with toluene. To dry the modified carbon black 
of any residual water, the toluene-modified carbon black slurry was heated to reflux using a beatmg 
mantle. After 4 hours, 0.3 mL of water had collected in the trap. The slurry was cooled to room 
temperature under nitrogen. Uniline 425 from Petrolite Corp. (4. 14 g), a long chain alky! alcohol 
(Cy, avg.), a p-toluenesulfomc acid (1.71 g) were added to the flask. A few drops of water had 

1 0 collected m the trap after beatuig the slurry at reflux for 3 hours. The slurry was cooled to room 
temperature under nitrogen. 

The modified carbon black was collected on a Bchner funnel. An additional 300 mL of 
toluene was used to complete the transfer of the modified carbon black from the flask to the Bchner 
ftmnel. The modified carbon black was washed on the filter with 800 mL of a 50/50 ethanol and 

1 5 water mixture followed by 2 L of water. The modified carbon black was allowed to air dry for 4 
hours before drying to a constant weight at 70OC. 

Example 4 

Control samples were prepared from carbon black pelletized in a laboratory scale batch 
2 0 pelletizer and from carbon black dried from slurry. Tbt second treatment simulated the chemical 
treatment process, but used no reactive species. The carbon blacks were compounded at 2.5 wt% 
carbon black loading in high density polyethylene using a 1.6 liter Banbury mteraal mixer and four 
minute mixing cycle. Both dau sets show the poor dispersion quality achieved with no chemical 
treatment. The results of compoundmg pelleted black in HDPE are shown in Table I, and the resulu 
25 of compounding carbon black dned from slurry in HDPE are shown in Table 2. The overall average 
dispersion ratings were 1 .78 % undispersed .r« for pelleted black and 1 .71 % undispersed area for 
slurry dried carbon black. 
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Table,: D,re.rAdK,>,nnCon.rn. tv..^. n,„, „■ , , 
I Undi5persed 




OveraJj Average == i.yg 

. ^ T... , , ^^^^^ ^^^^ ^ 

product. 



Sample No. 


Mean 


1 Undispersed 


Area % 




1 1 


1.34 


1 ^ 


1.36 


1 3 


1.44 


1 ^ 


1.92 


I ^ 


1.95 


1 6 


2.26 



OyeraJI Ayerage 1.71 
Examp le <? 

2.5% m . second proc«sa,g step, Jat.er con^pounds represent th 

co,on„gp,ast,cs. ^ -P--"^— em su.e of .he .n for 

A Kontron plastics dispersion test was u«H . . 

est was used to d.stu,gu,sh whether a chemical treata,cnt 
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digital micrograph of a thin polymenc film containing a low level (e.g.. 2.5% by weight) of carbon 
black. The thin film was obtained by sandwiching stnali pieces of the carbon black pigmented 
polymer compound between glass slides and meltmg them, under heat and pressure. An automated 
image analysis program was used to identify and measure all carbon black agglomerates larger than 5 
5 mjcron diameter. Undispersed area percent, the percent of the image that is covered by 

agglomerates, is the measured response used for ranking. Ar undispersed area percent of zero would 
be a perfect dispersion. The average undispersed area percent for ten images is reported. 

The KontroD plastics dispersion test is based on ASTM D 2663, Method B, "Standard Test 
Methods for Carbon Black - Dispersion in Rubber." Several modifications were made to the ASTM 
1 0 test to allow measuring the dispersion of carbon black in plastics. The plastics films are about 10 

times the thickness of rubber microtome sections, while the typical carbon black content in plastics is 
about l/lOth that of the typical carbon black content in rubber. As a result, the carbon black content 
as seen in a light micrograph is comparable for the two tests. In the ASTM test, carbon black 
agglomerates are identified and measured manually by inserting a calibrated grid into the microscope 
15 optical path. An operator counts all gnd squares that are at least half covered by an agglomerate. 

The sum of filled squares is converted to Dispersion, % by dividmg the sum by the volume percent 
of carbon black in the compound. This process is automated in the Kontron plastics dispersion test. 

Dispersion quality was improved using modified carbon products as shown m Tables 3-5. 
The modified carbon products were tested in the same manner as described above. Samples 1, 2, 4- 
20 9. 11 and 12 of Table 3 were prepared as in Example 1 usmg the treatment and treatment level 

(mmol per gram of carbon black) described in Table 3. Samples 3 and 10 were prepared as follows: 

Sodium nitrite (2.8 g) was added to 50 mL of concentrated sulfuric acid with stimng. Upon 
addition of the sodium nitrite, the solution turned orange. The temperature was raised to 70°C, then 
the solution was cooled. 4-Trifluoromcthoxyaml,ne (7.2 g) or trifluoro methyl anilme at the 
25 treatment level indicated in Table 3 was slowly added (over 15 minutes) at 30-35«C. The solution 
was stirred for two hours. 

Carbon black (225 g) was slurried in 2 L of room temperature dcionized water usmg an 
overhead mixer. TTie diaionium salt solution prepared above was then added to the slurry. Stimng 
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was cootmued for several hoars. When shmng was stopped, the solutioa separated uJto tiiree layers. 
The top. middle, and bottom layers consisted of a small foamy layer of carbon blacic. a clear water 
layer and another carbon black layer. The bulk of the carbon black was coaumed m the bottom 
layer. The modified carbon black product was isolated by filtering the entire mixture through a 
Bchner funnel. The modified carbon black product was washed on the filter with 2 L of water. 
After washing, the modified carbon black was dried to a constant weight overnight at 70°C. 

Table 3 



Sample No. 


Treatment 


Treatment Level 


Mean | 






(mmol/g) 


Undispersed | 








Area % | 


1 


Ethyi-4-anijnobeazoate 


0,03 


0.80 1 


2 


EthyM-atninobeazoate 


0.12 


0.41 1 


3 


Tnfluoro methyl aniline 


0.36 


0.62 1 


4 


dodecyl aniline 


0.12 


0.96 


5 


dodecyianiline 


0.18 


0.74 j 


6 


dodecyl aniline 


0.18 


0.80 


7 


dcxiecy I aniline 


0.36 


0.89 j 


8 


4-tertbutyl aniline 


0.18 


0.75 j 


9 


4-tcrtbutyl aniline 


0.36 


0.77 j 


10 


Trifluoro metboxy aniline 0.18 


0.79 j 


11 


4-ethyl aniline 


0.12 


0.88 j 


12 


4-ethyl aniline 


0.36 


0.96 



0 



The samples in Table 4 were prepared using the same procedure as recited in Example 2 for 
the primary treatment, and using the particular secondary treatment and secondary treatment level set 
forth in Table 4. The secondary treatment set forth in Table 4 was based on one of the procedures 
recited in Examples 2A, B, C, or D as indicated in Table 4. 
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The samples in Table 5 were prepared in the same manner as in Example 3 above. 



Sample 
No. 



Table 4 



FVimary Treatment 



Secondary 
Treatment 



Secondary 
Procedure 
(Example) 




Treatment 
Mean 

Undispersed 
Area % 



1 Sulfooilic acid, sodium 

2 Sulfooilic acid, sodium 

3 Sulfomlic acid, sodium 

4 Sulfomlic acid, sodium 

5 Sulfomlic acid, sodium 

6 Sulfomlic acid, sodium 

7 SulfoQiiic acid, sodium 

8 Sulfomlic acid, sodium 

9 Sulfomlic acid, sodium 

10 Sulfomlic acid, sodium 

1 1 Sulfomlic acid, sodium 



12 Sulfomlic acid, sodium 



13 Sulfooilic acid, sodium 

14 Sulfonilic acid, sodium 



salt Soya alkylamine 
salt Soya alkylamine 
salt Soya alkylamme 
salt Oleylamine 
salt Oleylamine 
salt Adogen 172D 
salt Feral 85 
salt CTAB 
salt Amine D 
salt Hexadecyl amine 
salt Di-tetradecyl 
giutamate p-toluene 
sulfonic acid 
salt Di-tetradecyl 
giutamate p-toluene 
suifomc acid 
salt Anune D 
salt hexadecly amine 



0.36 & 0.36 
0.36 & 0,36 
0.36 & 0.36 
0,36 <S: 0.36 
0,36 Sl 036 
0.18 iS: 0.18 
0.18&0.18 
0.18 <Sc 0.18 
0.36 &0.36 
0.18 <fc 0.18 
036 &L 0.36 



0.18 <S:0.18 
0.36 & 0.36 



0.21 
0.74 
0.76 
0.25 
0,82 
0.38 
0.42 
0.46 
0.69 
0.70 
0.69 



0.36 & 0.36 0.90 



0.69 
0.70 



Table 5 



Sample Primary 
No. Treatment 



Secondary Treatment Level Mean 
Treatment (mmol/g) Undispersed 

Area % 



1 4-aminobenzoic acid Umline425 0. 18 <S: 0. 18 mmol/g 0.75 

2 4-aminoben2oic acid Umiine700 0. 18 & 0. 18 mmol/g 0. 85 



J 



Foral 85 and Amine D are terpene denvaiives available from Hercules, Incorporated. 
Adogen 172D .s a soya alkylamine available from Wiico. Umlme 425 and 700 are long cham 
pnmary alcohols available from Peirolice, w,th average carbon lengths of C30 and C50. respectively. 
As can be seen m the above Tables, the mean undispersed area wa. reduced using the modified 
carbon products of the present invention. 

Examples of reactive groups which can be used in a process to make one or more types of 
the modified carbon product are set forth below in the Tables. 
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Naoe 



Strucrure 



c diy l-^umuo bcazoan: 




4-<lo(iecyi aniline 



•i-tcn-buiylanilinc 




4-ctiiylafuiinc 



H.N' 



H.N 




4,4' -t^rhviengrii anilfn e 




i 4-tniluorDmetiiylaiulinc 
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: Name 

• 4-tniluoroinctlK)xyaiuiiiic 


■ iitrncmrt r 


t 


i Ji 




; 4-aminobeQzoic aad 


"D ■ 






j u 

^ // ■ 


: '^-ominopncoyldisuUidc 
sulfanilic acid and -Modecylaoilinc ' T 




^aimaupiiaiy]ai5:uuiac ana 4,4'-ctiiyicncdiamiinc ] " — - 



cthyl-Uaminofaenzoacc and ^-aminobcnzoic acid 
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i Name ' " — 

I 

t 


: Stmcture 

I ' ! 


i iicxadccyitnrncdryiimmoainm bxumidc 

1 

i 
t 


i . 


: oicyi amine ; — ■ ; 


! dimctixy 1 o icy Ununc ' ! " ■ ■ • L 


: 5oyaaucyi ainmca (Anneca® iiD, Adogcn® 715D) 


: niumre of oltyl ammc, lino icy lammc, 

i linoicayI;u2iiae • 


; auflCttyl soyaaikyi ammnT^frrm c±iondcs 
1 (ArquadS-50) X\C^n H.LJ 
\ tiydrogciiatal tailowamiDc 


: mtrtnrc of quaicmary ammoniuni salts of oicyi 
•: ammc lino ley laming and linoienviaminc 


<iiietzadecy 1 glu&2D2£e 

Umlinc 350 Talkyl alcohol) ' 

Unilinc 415 (aikyl alcohol) 

Umlinc 550 (aikyi aicohoi) " ' 

Umlinc 700 (aUcyl alcohol) 


■ mzxuirrorClS, CZ6X14a-ilJb/iprimar/aiiiia 

i 0 0 i 

: Avci-d^fc carbon Icngdi^i ; 

I CIS " '■ 

\ GO : 

i C40 ; 

Too ' \ 
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The modified carbon products of the present mvention may provide for more economical 
preparation of polymer products (such as by reducing the number of processmg steps or amount of 
processmg needed), and/or may improve the charactenst.es of the polymer products. The improved 
dispersibility of the modified carbon products of the present mvention may allow for improved 
j dispersion w the polymer product, or make it possible to obuin a level of dispersion comparable to 
that achieved by existmg compositions and processes usmg fewer steps or a reduced amount of 
processmg. la terms of the charactenstics of the polymer products, the modified carbon products of 
the present invention can improve characteristics such as hardness, rebound, impact resistance, 
colorfastness, abrasion resistance, and the like. 

Other embodiments of the present invention will be apparent to those skilled m the art from 
consideration of the specification and practice of the invention disclosed herein. It is mtended that 
the specification and examples be considered as exemplary only, with a true scope and spirit of the 
invention being indicated by the followmg claims. 



15 
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^ A polygene p.oduc. co.pns.s a poly.er a.d a .od.fied carboa product 

-Pe^ .e... .... ^^^^^^^ ^ ^^^^ ^^^^^^ ^^^^^ 

at le.. one o.,a.,c ,.oup hav., , o. h..her a,.„ ...p or polygene .roup. 

2. T.e polygene produc. of c.a.. ,, .Here, sa.d or,a.c .roup ft.r,her coo^nses a. 
aromatic group or a second aUcyl group. 



an lonizable group. 



4. 



T^e polygene product of c,a.. 1. wHere.n said orgaruc .roup co.pns« a) at .east 
wherein sa.d aronutic group is directly attached to the carbon product. 



■ T.e po,y.e.c product of Ca.m . . .Herein sa.d organ.c group co.pr,^ . c - 
Where, sa.d C,-C,„ aUcy. group is d.rectly atuched to the carbon product. 



Il^e polymenc product of Cat. 1, wHeretn said organic group is an olefin 
styremc group, an acryiate group, an amide 



6- product or claim 1, wherein said or.»ni. „ : 

group, a 

group, an ester group, or mixtures thereof. 



The p„„„„, p„,„. , ^^^^^^ ^^^^^^ ^^^^ ^ 

.^P. . .o,,.,,.. . ^ ^^^^^^ _ ^^^^^^^ ^^^^ ^ 

mixtures thereof. 
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8. The polymenc product of claim 1 , wherem said organic group compnsc5: 

-Aj-C02(C„Hi„^,), where m = 0 to about 20; 
-Aj-C(^H2b+i), where n = 1 to about 50; 
-Ar-CjJHjp At, where p = 1 to about 10; 
5 -Aj-CXj, where X is a halogen atom; 

-Ar-O-CXj, where X is a halogen atom; 
-Ar-SO^; 

-Ar-S02(CqH.^,). where q = 2 to about 10; 
-Aj-Sj-Ar-NH^; 
1 0 -Ar-S2-Ar-; 

-Ar-SO,-H; 

or mixtures thereof. 



9. The polymeric product of claim 1, wherein said organic group comprises: 
-Ar-S03 and -Ar(C^H^^t), where n = 1 to about 50; 
-Ar-Sj-Ar-NH. and -ArCpH2pAr. where p = 1 to about 10; 
-Ar-S.-Ar-; 

-ArCpH^/^r. where p = 1 to about 10; or 

at least two different -Ar-COjC^Hj^^,, where m = 0 to about 20. 

10. The polymenc product of claim 3, wherein said lomc or lomzable group composes: 
a carboxylic acid or salt thereof; 

a sulfonic acid or salt thereof; 
a quaternary ammonium salt; 
a sulfonamide or a salt thereof; 

SOjMHCOR or a salt thereof, where R is a Cj-Cx, alkyl or a phenyl group or 

mixtures thereof. 
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1 J- The polymenc product of cia^m 8. wherein said -Ar (C U , u . 

cinsaia Ar-(C,H2^,,) IS a branched alkyl 

group. 



12- T.C polygene product of c.ai. 8. wherein said -A.-(C.H.^,) is ...ear. 
13. T.e polygene produce of cia,. 8. where, n = 4 C^,., 

1-^- The polygene product of cla.o, 1. where, said carbon product .s carbon b,ac. 
or mixtures thereof. 

poiy.,™ , ^^^^ ^^^^ 

-n,. po„„„ p,^„„ , ^^^^^ ^^^^ ^^^^^^^^ ^^^^ ^ 

a masterbatch. 



" A p„„..ric product „„pH„„g . p„„„, . ^^^^ 

. roup ^^^^ ^^^^ ^ ^^^^^ ^^^^ ^ 

polymeric group. 



The po„™„c produ., of cl.,„ „. „ „ 

po„„„ „ ^^^^^^ ^^^^^ ^ 
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22. The polymenc product of claim 17, wherein said organic group is an aralkyi group 
or alkylaryl group. 

23. The polymenc product of claim 17, wherein said organic group is an olefin group, 
5 a styreojc group, an acrylate group, an amide group, an ester group, or mixtures thereof. 

24. The polymenc product of claim 17, wherein said polymeric group is a polyolefin 
group, a polystyrenic group, a polyacrylate group, a polyamide group, a polyester group, or 
mixtures thereof. 

10 

25. The polymenc product of claim 17, wherein said organic group comprises a C,-C,qo 
alkyl group. 

26. The polymenc product of claim 17, wherein said organic group compnscs a Cso-C^, 
15 alkyl group. 

27. The polymenc product of claim 17, wherein said polymeric product is a 
nusterbacb. 

polymenc product of claim 17. wherein said carbon product is carbon black, 
graphite, vitreous carbon, finely divided carbon, carbon fiber, activated charcoal, activated carbon, 
or mixtures thereof. 



25 



29. The polymenc product of claim 17. wherein said carbon product is carbon black. 

30. A modified carbon product compnsing a) a carbon havmg atUched at least one 
organic group directly attached to the carbon, b) at least one lomc group, looizable group, or mixture 
therwf attached to said organic group, and c) at least one counter-ionic group with at least one 
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or.a.c. .onceno, o. po...... .ou„.Hon.z..e ,.o.p w.H a. ,e.. one o.,a.c 

or both. ^ 



thereof. 



32. 



or mixtures thereof. 



33. 



34. .Odin,. p,^„, 3„ ^^^^^^^ ^^^^ ^^^^^ ^ 

35. 71,. „o<,m„, p^„„ ^^^^^ ^^^^^^ ^^^^^ ^ 
Cbo. .o.p„^ „ ,„„^ „ „ ^^^^^ ^^^^ ^^^^^ 

3«. m „od,f.d c„bo„ p,od„„ „,„^,„ ^^^^ ^^^^^^^ 

. s..r„...d, „ _ ^^^^^ ^^^^ ^ _ _ ^ ^ 

group. 



3'. Tie ^,«.<, „„„„ ^ 3„ ^^^^^^^ _ ^ 

cu.^,-,....,, ,„„p „ . „,„^.„ ^ ^^^^ ^ ^^^^^ 
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38. The modified carbon product of claim 30. wherein «id lomc or .omzable group ,s a 
sulfonate group and said counter-iomc or counter-.omzable group is a lutrogen or phosphorous based 
group. 



5 



10 



39. The modified carbon product of ciaim 30, wherein said organic group of the 
counter-ionic group or the counter-iomzable group is a Cj-C^o alkyl group. 

40. The modified carbon product of claim 30, wherein said organic group of the 
counter-ionic group or the counter-ionizable group is a C,-Co alkyl group. 

41. The modified carbon product of claim 30, wherein said organic group is a oleyl 

group. 



42. The modified carbon product of claim 30, wherein said organic group is a oleyl 
15 group, a linoleyl group, a Iinolenyi group, or mixtures thereof, 

43. The modified carbon product of claim 30, wherein said organic group is a 2- 
ditetradecylgluUrate or hexa^ecyl. 

^ ° 44. The modified carbon product of claim 30, wherein said carbon product is carbon 

black, graphite, vitreous carbon, finely divided carbon, carbon fiber, activated charcoal, activated 
carbon, or mixtures thereof. 

45- The modified carbon product of claim 30. wherein said carbon product is carbon 

25 black. 



46. A polymeric product compnsmg a polymer and the modified carbon product of 
claim 30 dispersed therem. 
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47. The polymmc product of claim 46. wherein sa,d poiymenc product ,s a 
masterbatch. 



48. A polyn^enc product compns.ng a polymer a„d the mod.fied carbon product of 
5 any one of claims 3 1 through 45. 



49. A poiymenc product comprismg a polymer and the modified carbon product of 

claim 42. 
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50. A poiymenc product comprising a polymer and the modified carbon product of 



15 



claim 45. 

51. 

nusterbatch. 
52. 



The poiymenc product of cla.m 50, wherem said poiymenc product is > 



The mod.fied carbon product of cla.m 30. wherem sa.d .on.c or ion.zable group is a 
an^otuc gr.up and sa.d counter-ion.c or counter-iomzable group .s a cat.on.c group. 

53. Th. modified carbon product of claim 30. wherein sa.d ionic group or .onizable 
2 0 group .s a catiomc group and said counter-.on.c or coun.er-.oruzable group .s a amomc group. 

54. The mod.fied carbon product of claim 30, where.n sa.d counter-iomc group or 
counter-iocizable group .s a carboxylic ac.d or salt thereof, a sulfon.c acd or salt thereof, a 
quaten^ary .mmomum salt, a sulfonam.de or salt thereof. SO.NHCOR or a salt thereof, where R .s a 

2 ^ Cf-Q» alkyl or an ar>I group. 



55. The modified carbon product of claim 30, where.n said ion.c or iotuzable group .s . 
mtrogen based group or a phosphorous based group. 



10 
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56. A method for improvmg the dispersion of a carbon product in a polymenc product 
compnsmg dispersing a modified carbon product m a polymer, whenn said modified carbon product 
compnses a carbon product havmg attached at least one organic group or polymenc group whjch is 
compatible with said polymer. 

57. A method for mcreasmg the dispersion of a carbon product in a polymer product 
compnsmg dispersing a modified carbon product m a polymer, wherein said modified carbon 
product compnses a carbon product havmg attached a group having the formula -Ar-CO^-R or - 
CoHjaCO.-R, where R is an organic group or a polymeric group. 

58. A method for increasmg the dispersion of a carbon product in a polymenc product 
compnsmg dispersmg the modified carbon product of claim 30 in said polymer, wherem said 
modified carbon product is compatible with said polymer. 



polymenc product of any one of claims 1 through 13 and 16 through 27 
wherem said carbon product is an aggregate compnsmg a carbon phase and a silicon^onUimng 
species phase. 

60. The polymenc product of any one of claims 1 through 13 and 16 through 27 
2 0 wherem said carbon product is an aggregate compnsmg a carbon phase and a meUl^ntaming 

species phase or said carbon product is a silica coated carbon black. 

61. The modified carbon product of any one of clams 30 through 43 wherem said 
carbon product is an aggregate compnsmg a carbon phase and a silicon<ontaining species phase. 
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62. The modified carbon product of any one of clams 30 through 43 wherem said 
carbon product ,s an aggregate compnsmg a carbon phase and a meUl-contaming species phase or 
said carbon product is a silica coated carbon black. 



wo 99/31 175 



PCT/US98/26378 



-39- 



63. A poiymenc product compnsmg a polymer and the modified carbon product of 
claim 61. 



64. A poiymenc product compnsing a polymer and the modified carbon product of 
claim 62. 
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